A STUDY ON THE RESILIENCY OF A MUTUALISM BETWEEN CARPENTER BEES AND






























While many scientists are studying climate change’s impact on abiotic factors, my 
interest is in studying climate change’s impacts on biotic factors–specifically, to 
determine if ecosystem networks will be preserved or altered with abiotic change. To 
examine this topic, I centered my thesis around carpenter bees on Mount Lemmon and 
their pollination interactions with local flowers. The carpenter bees (Xylocopa 
californica) are prime candidates for study because they create pollen balls that can be 
easily accessed, stored, and used in pollen analyses as a proxy for pollination. Kathryn 
Busby, a graduate student studying the carpenter bees, preserved several provisions from 
2016. This gave me the opportunity to determine the composition and diversity of the 
pollen, create a snapshot of the interaction between the carpenter bees and flowers in 
2016, and establish a replicable procedure so that data can be collected in future years. 
Later studies compared with my data may determine if the families of flowers visited by 
the carpenter bees or the frequency with which the bees are visiting are changing over 
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The	pollen	provisions	collected	in	2016	revealed	eight	morphospecies	with	
frequencies	dominated	by	the	“Small”	category.	The	nest	A1	dataset	showed	that	
most	of	the	provisions	were	similar,	with	a	few	outliers	that	were	closer	to	the	
“Gum”	morphospecies.	The	ALLNESTS	dataset	showed	that	most	of	the	nests	were	
similar,	with	a	few	outliers	that	included	more	of	the	morphospecies	“Peppermint	
Candy”,	“Raspberry”,	and	“Triangle”	than	the	others.	
	
	
	
H01)	 There	will	be	equal	frequencies	for	each	
morphospecies	represented	in	the	
pollen	provisions.		
	
Rejected	
HA1)	 The	frequencies	will	not	be	consistent	
among	morphospecies	represented	in	
the	pollen	provisions.	
Not	Rejected	
H02)	 The	provisions	cannot	be	correlated	
with	their	position	in	the	carpenter	bee	
nest.		
Not	Rejected	
HA2)	 The	provisions	are	correlated	with	their	
position	in	the	carpenter	bee	nest.		
Rejected	
H03)	 There	is	not	a	difference	between	the	
pollen	in	Agave	nests	versus	Dasylirion	
stalks.		
Not	Rejected	
HA3)	 There	is	a	difference	between	the	pollen	
in	Agave	nests	versus	Dasylirion	nests.	
Rejected	
Figure	7.	Hypotheses	chart	with	results.		
	 	
Discussion:	
	
My	data	could	be	used	to	determine	whether	the	mutualism	between	carpenter	bees	
and	flowering	plants	on	Mount	Lemmon	is	changing	over	time	with	climate	change	
by	adding	more	years	of	monitoring	morphospecies	frequencies.	Studying	bees	and	
flowering	plants	is	important	because	pollination	is	an	essential	ecosystem	service	
for	ecosystem	function	and	human	survival.	We	need	to	know	if	these	mutualisms	
are	resilient	or	if	they	will	dissolve	due	to	phenological	mismatch,	and	if	there	is	
anything	we	can	do	to	mitigate	for	the	change.			
	
Also,	the	data	collected	using	my	procedure	can	tell	us	more	about	the	carpenter	
bees	and	flowers.	In	the	NMDS	Plot	of	ALLNESTS,	(Figure	6)	two	nests	were	further	
away	from	the	cluster	of	nests	and	closer	to	the	“Peppermint	Candy”	label.	This	
suggests	that	perhaps	bee	behavior	and	choice	of	flowers	to	visit	influences	the	
pollen	in	their	nests.	In	the	NMDS	Plot	of	nest	A1	(Figure	5),	the	provisions	in	the	
nest	locations	UP	CELL	5,	UP	CELL	6,	and	UP	CELL	7	were	further	away	from	the	rest	
of	the	provisions	and	closer	to	the	“Raspberry”	and	“Triangle”	morphospecies.	Some	
bee	experts	generalize	that	it	takes	bees	one	day	to	make	one	provision,	and	this	
might	suggest	that	the	“Triangle”	and	“Raspberry”	morphospecies	might	have	had	a	
concentrated	flowering	event	in	a	few	days,	when	the	bee	created	those	provisions.	
The	data	collected	using	my	procedure	could	answer	questions	about	flowering	
phenology	and	bee	behavior	as	well	as	contribute	to	climate	change	research.		
	
Future	Improvements:	
	
I	could	have	done	several	things	to	make	my	procedure	more	robust.	If	I	could	do	
this	project	again,	I	would	have	tried	to	use	a	pollen	reference	collection	to	
determine	the	pollen	families	instead	of	analyzing	all	of	the	pollen	into	
morphospecies.	I	used	the	category	“Small”	for	pollen	grains	that	were	relatively	
smaller	than	the	rest,	but	higher	resolution	photographs	showed	that	the	small	
category	actually	included	several	distinct	kinds.	Some	of	them	had	patterns	similar	
to	the	“Peppermint	Candy”	pollen	grains,	and	there	was	more	variation	in	size.	If	my	
“Small”	category	had	been	split	into	several	morphospecies,	there	might	have	been	
more	diversity	captured	in	my	study.	Also,	my	counts	might	be	inaccurate	for	
samples	processed	at	the	beginning.	For	example,	the	“Triangle”	category	was	
invented	later	than	the	“Peppermint	Candy”	category,	and	triangle-shaped	pollen	
grains	may	have	been	classified	as	“Peppermint	Candy”	because	I	didn’t	think	it	was	
distinct	or	prevalent	enough	to	make	a	new	category.	This	could	have	led	to	inflated	
“Peppermint	Candy”	proportions	and	lower	“Triangle”	proportions.	There	also	could	
have	been	some	procedural	bias.	While	framing	the	photos	of	the	slides	under	the	
microscope,	I	took	pictures	where	there	was	lower	concentration	of	pollen	grains	to	
accurately	identify	and	count	them,	but	because	gravity	might	have	clustered	all	the	
heavier	pollen	grains	towards	the	concentrated	center	of	the	slide,	I	might	have	
counted	more	of	the	smaller	morphospecies	than	the	larger	ones.	While	these	errors	
might	not	have	changed	whether	my	hypotheses	were	rejected,	it	is	important	to	
have	accurate	proportions	so	that	they	can	be	compared	to	future	years	to	see	if	
climate	change	is	impacting	the	diversity	and	abundance	of	pollen	collected	by	the	
carpenter	bees.	
	
If	this	experiment	were	continued,	I	would	consider	spending	the	time	to	identify	
the	pollen	to	family	level.	If	not,	I	would	add	more	morphospecies	or	divide	my	
existing	morphospecies	into	more	categories,	as	I	have	learned	how	to	better	
distinguish	between	the	pollen	grains.	I	would	also	suggest	counting	and	identifying	
the	pollen	while	at	the	microscope	instead	of	taking	photographs	and	identifying	the	
pollen	later.	This	would	allow	zooming	with	more	resolution.	If	I	did	continue	to	
take	photographs	of	the	pollen,	I	would	also	implement	some	randomized	or	
mechanized	method	to	take	the	pictures	to	eliminate	any	procedural	bias.		
	
Conclusions:	
	
Comparing	several	years	of	this	data	would	determine	if	the	frequencies	of	the	
morphospecies	are	changing	over	time	with	increasing	effects	of	climate	change.	If	
some	morphospecies	were	no	longer	represented	in	the	pollen	provisions	after	
several	years	of	data	collection,	this	might	indicate	that	the	bees	are	no	longer	
pollinating	that	kind	of	flower,	which	could	be	the	result	of	a	phenological	mismatch.	
Also,	if	there	was	decreasing	diversity	of	morphospecies	in	the	pollen	provisions	
over	several	years,	this	could	be	a	clue	that	fewer	species	of	flowers	are	being	
pollinated	at	the	Hirabayashi	Campground,	which	could	be	further	supplemented	
with	plant	phenology	records.	Developing	this	record	could	add	to	our	knowledge	of	
what	flowers	are	blooming	when	on	Mount	Lemmon,	show	us	bee	behavior	patterns	
in	pollination,	and	help	us	learn	more	about	Xylocopa	californica	and	their	nests	in	a	
changing	world.	
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Appendix	A:	Photographs	
	
	
Figure	1.	Pollen	provisions	in	nests	with	larvae	and	eggs	on	them.	
	
Figure	2.	Paint	pallet	with	homogenized	pollen	provision	chunks.		
	
Figure	3.	Slides	with	pollen	suspended	in	Fuchsin	jelly.	
	
	
Figure	4.	Zoomed	out	microscope	view	of	a	slide.	Areas	with	high	pollen	
concentration	appear	lighter	brown.	
	 	
Appendix	B:	Pollen	Morphospecies	Descriptions	
Peppermint	Candy:	Round	shape,	relatively	large,	can	have	white	pinwheel	pattern,	
white	stripe	pattern,	or	be	solid	colored.	Could	be	two	(or	more)	distinct	species.	
	
Extra	Small:	Smallest	morphospecies,	textured,	look	like	raisins,	can	occur	in	
clusters.	I	deleted	this	category	because	it	was	too	difficult	to	distinguish	from	
“Small”.	I	should	have	combined	the	counts	that	I	had	for	both	categories.	
	
Small:	Generic	small	morphospeices,	most	common,	can	occur	in	clusters.	Most	
likely	several	different	species,	with	closer	inspection	they	have	patterns	like	the	
peppermint	candy	pollen	and	a	variety	of	sizes.	
	
Intense	Pink:	More	intense	pink	color,	slightly	larger	than	the	small	morphospecies,	
darker	outline,	more	transparent.	
	
Fidget	Spinner:	Distinct	three	petals,	shaped	like	fidget	spinner.	Usually	size	of	extra	
small	morphospeices.	
	
	
Gum:	Off-colored,	yellow-ish,	dirty	texture,	looks	like	gum	that’s	been	stuck	on	the	
sidewalk	for	a	while,	usually	not	a	perfect	oval	like	the	peppermint	candy,	same	size	
as	peppermint	candy.	
	
Raspberry:	Spiky	all	over,	some	have	pronounced	three	knobs.	Could	be	two	
separate	species.	
	
Triangle:	Some	more	conspicuous	than	others	but	all	have	the	triangular	shape	with	
three	knobs,	slightly	larger	than	the	small	morphospecies.	This	could	be	two	
different	species.	
	
Football:	Intense	pink	coloration,	but	with	two	indentations	that	make	it	look	like	a	
deflated	football,	slightly	larger	than	small.	
	
Unknown:	I	only	saw	this	pollen	grain	once	or	twice	so	I	didn’t	make	a	new	category	
for	it	but	it	was	much	larger	than	all	of	the	pollen	grains	I’ve	seen.	
	
	
